16 17 18 19 20 21 22 23 24 25 26 42 cytokine induction in YFV-infected hepatocytes, in a stress granule-independent manner. Therefore, by 43 showing the uncoupling of the early cytokine response from the stress granules formation, our model 44 challenges the current view by which stress granules are required for the mounting of the acute antiviral 45 response. 46 47 48 in human hepatocytes infected with YFV. We show that YFV infection promotes the formation of 54 cytoplasmic structures, termed stress granules, in a PKR-, but not RIG-I-dependent manner. Whilst stress 55 granules were previously postulated to be essential platforms for immune activation, we found that they are 56 not required for pro-inflammatory mediators' production upon YFV infection. Collectively, our work 57 uncovered molecular events triggered by the replication of YFV, which could prove instrumental in 58 clarifying the pathogenesis of the disease, with possible repercussions on disease management. 59 60 61 101 undergo a conformational change, which allows interaction with the adaptor protein MAVS and 102 subsequent recruitment of signaling complexes that comprises protein kinases such as TBK1, IKKα, 103 IKKβ and IKKε (14). These events lead to the activation and nuclear translocation of the transcription 104 factors IRF3 and NF-κB, which stimulate the rapid expression of pro-inflammatory cytokines and type 105 I interferons (IFNs). 106 RIG-I plays an important role in initiating the IFN-mediated antiviral response against DENV and 107 ZIKV (15-18). Induction of cytokines upon infection with the vaccine strain of YFV is also mediated 108 129 antiviral nature (27, 28, 30). Here, we investigated the role of RIG-I, PKR and stress granules in the 130 induction of inflammatory cytokines upon infection of hepatoma cells with YFV.
Abstract 27
Yellow fever virus (YFV) is an RNA virus primarily targeting the liver. Severe YF cases are 28 responsible for hemorrhagic fever, plausibly precipitated by excessive pro-inflammatory cytokine 29 response. Pathogen recognition receptors (PRRs), such as the cytoplasmic RIG-I-like receptors (RLRs), 30 and the viral RNA sensor PKR are known to initiate a pro-inflammatory response upon recognition of 31 viral genomes. Here, we sought to reveal the main determinants responsible for the acute cytokine 32 expression occurring in human hepatocytes following YFV infection. Using a RIG-I-defective human 33 hepatoma cell line, we found that RIG-I largely contributes to cytokine secretion upon YFV infection.
34
In infected RIG-I-proficient hepatoma cells, RIG-I was localized in stress granules. These granules are 35 large aggregates of stalled translation preinitiation complexes known to concentrate RLRs and PKR, 36 and are so far recognized as hubs orchestrating RNA virus sensing. Using PKR-deficient hepatoma cells, 37 we found that PKR contributes to both stress granule formation and cytokine induction upon YFV 38 infection. However, stress granules disruption did not affect the cytokine response to YFV infection, as 39 assessed by siRNA-knockdown-mediated inhibition of stress granule assembly. Finally, no viral RNA 40 was detected in stress granules using a fluorescence in situ hybridization approach coupled with 41 immunofluorescence. Our findings suggest that both RIG-I and PKR mediate pro-inflammatory Importance 49
Yellow fever is a mosquito-borne acute hemorrhagic disease caused by yellow fever virus (YFV). The 50 mechanisms responsible for its pathogenesis remain largely unknown, although increased inflammation has 51 been linked to worsened outcome. YFV targets the liver, where it primarily infects hepatocytes. We found 52 that two RNA-sensing proteins, RIG-I and PKR, participate in the induction of pro-inflammatory mediators 53 Introduction 62
Flaviviruses are a group of more than seventy enveloped RNA viruses that can cause serious diseases in 63 humans and animals (1, 2). They have provided some of the most important examples of emerging or 64 resurging diseases of global significance. Most flaviviruses, such as dengue virus (DENV), yellow fever 65 virus (YFV) and Zika virus (ZIKV), are arthropod-borne viruses transmitted to vertebrate hosts by 66 mosquitoes or ticks (1). YFV is the prototype and eponymous virus of the Flavivirus genus. It is a small 67 (40-60 nm) , enveloped virus harboring a single positive-strand RNA genome of 11 kb. The genome 68 encodes a polyprotein that is cleaved co-and post-translationally into three structural proteins: capsid 69 (C), membrane precursor (prM) and envelope (E), and seven non-structural (NS) proteins (NS1, NS2a, 70 NS2b, NS3, NS4a, NS4b, and NS5). The C, prM, and E proteins are incorporated into the virions, while 71 NS proteins are found only in infected cells (3). NS proteins coordinate RNA replication, viral assembly 72 and modulate innate immune responses, while the structural proteins constitute the virion.
73
YFV is endemic in the tropical regions of sub-Saharan Africa and South America. The reference 74 strain Asibi was isolated in 1927 in West Africa from the blood of a human patient. The vaccine strain 75 17D was developed empirically in the 1930s, by passaging the Asibi strain in rhesus macaques, mouse 76 and chicken embryonic tissues (4). 17D is one of the most effective vaccines ever generated. It has been 77 used safely and effectively on more than 600 million individuals over the past 70 years (4). However, 78 due to poor vaccine coverage and vaccine shortages, the virus continues to cause disease in endemic areas, 79 as illustrated by recent outbreaks in Angola and Brazil (5, 6) .
80
Yellow fever (YF) pathogenesis is viscerotropic in humans, with viral replication in the liver critical 81 to the establishment of the disease (3). Severe YF is responsible for multi-system organ failure and viral 82 hemorrhagic fever resulting in up to 50% fatality. Similar to Ebola hemorrhagic fever, cytokine dysregulation 83 is thought to result in endothelial damage, disseminated intravascular coagulation and circulatory shock 84 observed in the terminal stage of the disease. Viral hemorrhagic fever is considered as an illness 85 precipitated by excessive pro-inflammatory cytokine response ('cytokine storm') (7, 8) . Almost any cell 86 type in the body can produce pro-inflammatory cytokines in response to various stimuli, such as a viral 87 infection (9) . The pattern of cytokine expression in response to infection with pathogenic strains of YFV 88 has been described both in humans and in rhesus macaques. Studies performed on patients during a YF 89 outbreak in the Republic of Guinea in 2000 showed that excessive production of pro-inflammatory 90 cytokines, such as IL6 and TNFα, correlates with high viremia and disease outcome (10). The levels of 91 these two cytokines were statistically higher in patients with fatal hemorrhagic fever than in patients 92 who survived. Similar findings were obtained with rhesus macaques infected with the strain Dakar-93 HD1279 (11) . The animals died of hemorrhagic fever within five days. These studies also suggest that 94 pro-inflammatory cytokines might be produced by injured organs, especially the liver, and not by cells 95 circulating in the blood (11).
96
Upon viral infection, the cytokine response is initiated by the recognition of viral genomes and viral 97 replication intermediates by pathogen recognition receptors (PRRs) (12), such as the ubiquitously 98 expressed cytoplasmic RIG-I-like receptors (RLRs). Three RLRs have been identified in vertebrates: 99 melanoma differentiation-associated gene 5 (MDA5), laboratory of genetics and physiology 2 (LGP2) 100 and retinoic acid inducible gene 1 (RIG-I) (13). Upon binding to viral nucleic acids, MDA5 and RIG-I by RIG-I in plasmacytoid dendritic cells (19) . Whether RIG-I contributes to cytokine production in cells 109 infected with wild-type YFV strains is not known.
110
The subcellular localization where RIG-I interacts with its ligands is not well described. Upon 111 infection with influenza A virus lacking its non-structural protein 1 (IAVΔNS1), Newcastle disease 112 virus or Sendai virus (20-23), RIG-I accumulates in cytoplasmic foci. Disruption of these foci, which 113 have been identified as stress granules, reduced the abundance of IFNB mRNAs in IAVΔNS1-infected 114 cells (20) . Thus, stress granules may be important for RIG-I signaling and could serve as a platform for 115 viral RNA sensing. Moreover, other viral nucleic sensors, such as MDA5 (24), LGP2 (25) and cGAS 116 (26) , are also concentrated in stress granules. Finally, numerous viruses interfere with stress granule 117 formation, via, for instance, the cleavage of one of their core components by a viral protease. Thus, 118 accumulation of viral sensors in stress granules and viral counteraction mechanisms suggest that these 119 granules act as hubs that coordinate foreign nucleic acid sensing (27, 28) .
120
Stress granules are non-membranous cytoplasmic structures that concentrate translationally stalled 121 mRNAs and proteins (29). Their assembly is triggered by sensing distinct types of stress, including viral 122 infection, by one of four kinases, resulting in phosphorylation of the eukaryotic initiation factor 2α 123 (eIF2α). These kinases are: the heme-regulated inhibitor (HRI), which is activated by heat shock or 124 oxidative stress (e.g. by reactive oxygen species (ROS) produced upon treatment with sodium arsenite); 125 general control non-depressible protein 2 (GCN2), which reacts to UV-induced damage or amino acid 126 deprivation; dsRNA-sensing protein kinase R (PKR); and PKR-like endoplasmatic reticulum (ER) 127 kinase (PERK), which is activated upon ER stress (29). Stress granule assembly does not only arrest the 128 host translation machinery, but also heavily disturb viral translation, which is further evidence for their
We examined whether the YFV reference strain Asibi could trigger the expression of pro-136 inflammatory cytokines in human hepatoma cells through the RIG-I signaling pathway. Huh7 and 137 Huh7.5 cells, a clone derived from Huh7 that expresses an inactive form of the viral sensor RIG-I (31), 138 were infected with the Asibi strain for 24 or 48 hours. The abundances of TNFA, IL6 and IFNB mRNAs 139 increased over time with infection in Huh7 cells, while being significantly lower in Huh7.5 cells at 48 140 hours post-infection (hpi) ( Fig. 1A-C) . We noticed that Huh7.5 cells infected for 48 hours produced 141 approximately three-fold more viral RNA than Huh7 cells infected for the same amount of time ( Fig.   142 1D). Albeit not statistically significant, this modest effect was reproducible ( Fig. 1D) and suggests that 143 absence of RIG-I signaling favors viral replication. Huh7 cells secreted around 10 to 20 pg/ml of IL6 144 and TNFα protein after 48 hours of infection, but not after 24 hpi ( Fig. 1E, F) . By contrast, the amount 145 of IL6 and TNFα protein secreted by cells expressing the inactive form of RIG-I was below the detection 146 limit of the ELISA (Fig 1E, F) . These data suggest that Asibi infection triggers the induction and 147 secretion of pro-inflammatory cytokines in a RIG-I-dependent manner in human hepatoma cells.
148
By Western blot analysis, we found that IRF3 was activated in Huh7 cells infected with Asibi for 149 24 or 48 hours, but not in non-infected cells (Fig. 1G) . The level of IRF3 phosphorylation was higher 150 at 48 than at 24 hpi, despite the total protein abundance being similar at these two points in time (Fig. 
151
1G). IRF3 was not phosphorylated in Huh7.5 cells infected with Asibi ( Fig. 1G) . IκBα is a negative 152 regulator of the NF-κB pathway: its degradation triggers the nuclear translocation of the NF-κB subunits 153 p65 and p50. IκBα was degraded in Huh7 cells infected for 48 hours (Fig. 1G) . Slightly more of the 154 viral protein NS4b was produced in Huh7.5 cells than in Huh7 cells upon 48 hours of Asibi infection 155 ( Fig. 1G) , which is consistent with the RT-qPCR analysis (Fig. 1D) . These experiments indicate that 156 both IRF3 and NF-kB are activated during Asibi infection of human hepatoma cells and that RIG-I 157 contributes to IRF3 activation.
158
Immunofluorescence analysis revealed that IRF3 was detectable exclusively in the cytosol of 100% 159 of uninfected cells, whereas it was found both in the cytosol and the nucleus of around 50% of cells 160 infected for 24 hours (Fig. 1H) . Infected cells were identified with antibodies recognizing dsRNA 161 structures, including probably viral replicative intermediates ( Fig. 1H) . Similar quantification showed 162 that around 3% of uninfected cells exhibited nuclei positive for the NF-kB subunit p65 whereas around 163 65% of Asibi-infected cells showed nuclei positive for p65 ( Fig. 1I) .
164
Together, these results suggest that both the NF-κB and the IRF3 pathways are activated upon Asibi 165 infection of human hepatoma cells and their initiation is dependent on RIG-I.
167

RIG-I localizes in stress granules in human and monkey cells infected with YFV
168
Having determined that RIG-I is important for mediating a cytokine response in Huh7 cells infected 169 with Asibi ( Fig. 1) , we then investigated its subcellular localization. The distribution of the RIG-I signal 170 was found to be weak and diffuse in the cytosol of uninfected Huh7 cells ( Fig. 2A) , which is consistent 171 with data reported for unstimulated HeLa cells (20) . After infection with Asibi for 24 hours, RIG-I 172 accumulated in cytosolic foci ( Fig. 2A) . Since RIG-I was previously shown to localize in stress granules 173 in HeLa cells infected with several types of viruses (20-23), the Huh7 cells were also stained with the 174 stress granule marker TIA-1 related protein (TIAR). In non-infected cells, the TIAR signal was weak 175 and diffused in the cytoplasm and in the nucleus of the cells. In infected cells, TIAR was redistributed 176 into cytoplasmic foci ( Fig. 2A) . The RIG-I structures present in infected cells co-localized with TIAR 177 foci ( Fig. 2A , zoom images for details), suggesting that RIG-I is recruited to stress granules upon 178 infection. The intensity profiles of individual foci confirmed that the RIG-I signal and the TIAR signal 179 overlapped ( Fig. 2A , right panels). These profiles also revealed that dsRNAs seemed to be excluded 180 from stress granules ( Fig. 2A) .
181
To follow the formation of stress granules in infected cells, the localization of TIAR and RAS 182 GTPase-activating protein SH3 domain-binding protein 1 and 2 (G3BP), which are canonical stress 183 granule markers (29), were examined in Huh7 cells infected with Asibi for over time (Fig. 2B) . Infected 184 cells were identified by the presence of the viral protein NS4b (Fig. 2B) . TIAR and G3BP were diffuse 185 in non-infected cells. They remained diffuse until 12 hpi, where 16% of cells were determined positive 186 for NS4b. Fifteen hours after infection, around 80% of cells were infected and around 40% of the total 187 number of cells exhibited TIAR-and G3BP-positive foci ( Fig. 2B) . At 24 hpi, all cells were infected 188 and around 70% of them were positive for TIAR-and G3BP-containing foci. At 37 hpi, all cells 189 remained infected and around 20% of them exhibited TIAR-and G3BP positive foci. These foci 190 resembled the ones detected in Huh7 cells treated with sodium arsenite (NaArs), a chemical commonly 191 used for induction of oxidative stress in eukaryotic cells, for 30 minutes (Fig. 2B) . These results indicate 192 that upon Asibi infection, TIAR-and G3BP-positive foci appeared between 12 and 15 hpi, peak around 193 24 hpi and persist in around 20% of cells until later times. Moreover, these data suggest that the 194 formation of the stress granules occur throughout infection with Asibi.
195
To further validate the nature of the TIAR-and G3BP-positive foci observed in infected cells, we 196 assessed their sensitivity to cycloheximide. Cycloheximide is a compound that inhibits stress granule 197 formation and fosters their disassembly by stabilizing mRNAs on polysomes (34). Huh7 cells treated 198 with NaArs for 30 min and subsequently incubated with cycloheximide for 1 hour or left untreated were 199 used as positive controls (Fig. 2C) . Alternatively, cells were infected with Asibi for 48 hours and then 200 treated, or not, with cycloheximide for 1 hour. The TIAR and the G3BP signals overlapped, both in cells 201 infected by Asibi for 48 hours and in NaArs-treated cells (Fig. 2C) . Cycloheximide treatment led to a 202 complete loss of TIAR-and G3BP-positive foci, both in NaArs-treated cells and in Asibi-infected cells 203 ( Fig. 2C , compare non-treated and treated cells). These results suggest that, under both conditions, most 204 mRNAs trapped in these cytoplasmic foci can be released within 1 hour and undergo some translation 205 on polysomes. Most importantly, these experiments confirmed that the cytoplasmic foci containing 206 TIAR, G3BP and RIG-I identified in infected cells also contained mRNAs, and as such, can be defined 207 as canonical stress granules. Furthermore, these experiments also showed that the stress granule proteins 208 TIAR and G3BP are not recruited to Asibi replication complexes identified by NS4b, in contrast to 209 observations reported for ZIKV, DENV and WNV (35, 36) .
210
We next monitored the formation of stress granules upon Asibi infection in different cell models 211 than Huh7. Like Huh7 cells, HepG2 cells are hepatocyte-derived cells and are thus relevant for infection 212 with YFV, a hepatotropic virus. TIAR-and G3BP-positive foci were detected in HepG2 cells infected 213 for 48 hours (Fig. 3A) . Stress granules were also detected in CMMT cells, a Macaca mulatta epithelial 214 cell line, upon 24 hours of infection with Asibi ( Fig. 3B) . Macaques are natural hosts of YFV during 215 the jungle cycle of transmission (37). Similarly, TIAR-and G3BP-positive foci were observed in Huh7 216 cells infected with the clinical isolate HD1279 (HD Dakar) for 24 hours (Fig. 3C) . These data indicate 217 that infection with two YFV strains triggers the formation of stress granules in several mammalian cell 218 lines, suggesting that the stress response is neither viral strain nor cell type specific. 219 220 PKR contributes to stress granule formation and innate response in Asibi-infected Huh7 cells 221 PKR is known to be activated upon infection with several flaviviruses, including ZIKV, WNV and 222 Japanese Encephalitis virus (JEV) (38-40) and to play an important role in stress granule nucleation 223 through its ability to phosphorylate the eukaryotic initiation factor eIF2α (41). We first assessed whether 224 PKR was activated upon Asibi infection of Huh7 cells. Western blot analysis showed that PKR was 225 phosphorylated in Huh7 cells infected for 24 and 48 hours, but not in non-infected cells (Fig. 4A) . Thus,
226
PKR is activated upon Asibi infection of Huh7 cells. To evaluate the role of PKR in the formation of 227 stress granules in Asibi-infected human hepatic cells, we generated a Huh7 short hairpin (sh)-PKR cell 228 line by transduction with lentiviruses expressing short hairpin RNAs (shRNAs) specific for PKR. While 229 PKR expression was detectable in Huh7 cells transduced with lentivirus expressing control shRNA 230 targeting luciferase (Huh7-shLuc cells), it was not detectable in Huh7-shPKR cells (Fig. 4B) . As a 231 control experiment, we treated the cells with NaArs, which induces stress granule formation via HRI-232 mediated eIF2α phosphorylation (42). TIAR-and G3BP-positive stress granules were detected in both 233 Huh7-shLuc and Huh7-shPKR cells treated with NaArs for 30 minutes (Fig. 4C) . This confirms that the 234 absence of PKR does not disrupt the formation of NaArs-dependent stress granule induction.
235
Automated microscopic quantification revealed that around 10% of Huh7-shLuc cells infected at a 236 MOI of 2 for 24 or 34 hours contained at least two stress granules ( Fig. 4 D-E) . At a MOI of 20, around 237 25% of Huh7-shLuc cells were positive for stress granules at 24 and 34 hpi ( Fig. 4 D-E) . No TIAR-nor 238 G3BP-positive foci were detected in Huh7-shPKR cells infected at a MOI of 2 for 24 or 34 hours. At a 239 MOI of 20, a low percentage (around 1%) of Huh7-shPKR cells exhibited detectable stress granules 240 ( Fig. 4 D-E) . These stress granules possibly formed in a PKR-independent manner, via the activation 241 of other members of the eIF2α kinase family. Alternatively, a minute quantity of PKR still being 242 expressed in shPKR cells may initiate the formation of these granules. A similar proportion of Huh7-243 shLuc and Huh7-shPKR cells were found positive for NS4b at 24 or 34 hpi at the two tested MOIs (Fig.   244 4F). Together, we conclude that PKR plays a key role in stress granule formation in Asibi-infected 245 human hepatic cells and that the absence of stress granules has no effect on viral infection.
246
Since no stress granules were detected in cells depleted of PKR in three of four conditions tested 247 ( Fig. 4E) , we used Huh7-shPKR cells to determine whether absence of granules affected cytokine 248 induction. Consistent with our Western blot data (Fig. 4B) , RT-qPCR analysis showed that PKR mRNAs 249 abundance was reduced by more than 90% in Huh7-shPKR cells in comparison to Huh7-shLuc cells 250 ( Fig. 5A ).
( Fig. 5B) , which is consistent with our microscopic analysis ( Fig. 4F) . IL6 mRNA 251 abundance was significantly lower in Huh7-shPKR cells than that of Huh7-shLuc when cells were 252 infected at a MOI of 20 ( Fig. 5C) . The abundances of TNFA and IFNB mRNAs were significantly lower 253 in Huh7-shPKR cells than those in infected Huh7-shLuc under the same conditions of infection (Fig.
254
5D-E). This is consistent with our preceding observation of cytokine induction in Asibi infected cells 255 being dependent on NF-kB ( Fig. 1) and with a previous report showing that PKR is involved in the 256 induction of the IFN through the activation of NF-kB (44). Thus, at least two nucleic acid sensors, 257 namely RIG-I ( Fig. 1) and PKR ( Fig. 4 and 5) , contribute to the antiviral response against Asibi in Huh7 258 cells.
259
Taken together, our data show that PKR contributes to both stress granule formation and induction 260 of cytokines in Huh7 cells infected with Asibi. However, since PKR does not require its kinase activity 261 to stimulate NF-κB (44, 45), it might contribute to the cytokine induction in Asibi-infected cells in a 262 eIF2α-(and thus stress granule-) independent manner.
264
Induction of pro-inflammatory cytokines is not affected by the inhibition of stress granules
265
To further investigate the putative link between stress granules and the induction of antiviral 266 cytokines, we used a siRNA-knockdown approach to inhibit stress granule assembly. We tested 267 numerous combinations of siRNAs targeting core granule components in infected cells. The most 268 efficient strategy consisted in transfecting Huh7 cells twice with four pools of siRNAs targeting TIAR,
269
TIA-1, G3BP1 and G3BP2 (siSG). In these cells, we monitored stress granule formation using 270 antibodies against eIF3b and eIF4G, two core components of stress granules. Around 30% of Huh7 cells 271 transfected with scrambled control siRNAs and infected at a MOI of 2 or 20 for 24 hours contained at 272 least two eIF4G-and eIF3b-positive foci ( Fig. 6A-B) . When cells were transfected with the 4 siRNA 273 pools and infected under the same conditions and for the same amount of time, less than 5% of cells 274 exhibited stress granules ( Fig. 6A-B) . The impact of the siRNA against TIAR, TIA-1, G3BP1 and 275 G3BP2 on the number of cells positive for stress granules following 34 hours of infection was also 276 significant at the two tested MOIs (Fig. 6B ). Under the four tested conditions, the surface area occupied 277 by stress granules per cell was significantly reduced in cells transfected with the mixture of four siRNA 278 pools compared to the controls (Fig. 6C) . These experiments validate our silencing approach as an 279 efficient way to significantly reduce both the number of cells positive for stress granules and the surface 280 occupied by stress granules per cell. Transfection with the 4 siRNA pools had no effect on viral 281 infection, when compared to transfection with control siRNAs (Fig. 6D) . RT-qPCR analysis showed 282 that TIAR, TIA-1, G3BP1 and G3BP2 mRNA abundances were significantly reduced in cells 283 transfected with the 4 siRNA pools as compared to cells transfected with control siRNAs (Fig. 7A-D) .
284
Of note, TIAR and TIA-1 expression was induced three-to four-fold by infection, in an MOI-dependent 285 response. This may be a consequence of virally-induced stress. Transfection of the four siRNA pools 286 has no effect on TNFA, IL6 and IFNB mRNA abundances nor on viral RNA yield ( Fig. 7E-H) . Together, 287 these data show that significant reduction of stress granule numbers and size did not suppress the In Huh7 cells, RIG-I signaling is crucial for cytokine induction and secretion upon Asibi infection 293 ( Fig. 1) . Therefore, we wondered whether RIG-I signaling would participate in stress granule assembly 294 and/or maintenance. We quantified the proportion of Huh7 and Huh7.5 cells that were positive for stress 295 granules at 24 and 34 hpi following infection at two MOIs. A similar proportion of Huh7 and Huh7.5 296 cells were found positive for stress granule markers in all tested conditions ( Fig. 8 A-B) . No difference 297 in the number of cells positive for NS4b was observed between Huh7 and Huh7.5 cells (Fig. 8C) . We 298 conclude that the absence of RIG-I signaling had no effect on the number of granules that assemble in 299 response to infection. It is thus unlikely that RIG-I mediates a feed-forward loop to maintain stress 300 granule assembly. 301 302 YFV RNA is excluded from stress granules
303
Our previous analysis showed that neither dsRNA ( Fig. 2A) nor the viral proteins NS4b and NS1 304 ( Fig. 2B, 2C, 3, 4D, 6A and 8A) seem to be recruited to stress granules. To further investigate the 305 putative association between stress granules containing RIG-I ( Fig. 2A) and viral RNA, we used an 306 RNA fluorescence in situ hybridization (FISH) approach coupled with immunofluorescence and 307 confocal microscopy. The Asibi-specific FISH probe produced no signal in non-infected Huh7 control 308 cells ( Fig. 9A) and a bright punctate signal in the cytoplasm of infected cells ( Fig. 9A) , confirming the 309 specificity of the probe (46). Asibi RNA was never found to be associated with TIAR ( Fig. 9A) . This 310 was unexpected since RIG-I signaling is key to cytokine induction and production ( Fig. 1) and massively 311 concentrate in stress granules in Asibi-infected cells ( Fig. 2A) . These results suggest that an interaction 312 between viral RNA and RIG-I might not happen in stress granules in Asibi-infected Huh7 cells. A 313 minute quantity of RIG-I might however interact with viral RNA in ER-derived replication sites and 314 initiates a stress granule-independent IFN response. In line with this, RIG-I was recruited to TIAR-315 positive granules in Huh7 cells treated with NaArs ( Fig. 9B) , which is consistent with previous 
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Cells were fixed with 4% paraformaldehyde (PFA; Sigma-Aldrich) for 30 min at RT, permeabilized 482 with 0.5% Triton X-100 in PBS and then blocked with 0,05% Tween-, 5% BSA-containing PBS before 483 incubation with the indicated primary antibodies. Antibody labelling was revealed with Alexa Fluor® 484 488-, 594 or 647-conjugated antibodies. Coverslips were mounted on slides using ProLong® Gold
485
Antifade Reagent with NucBlue solution (Invitrogen). Images were acquired with a Zeiss LSM 700 486 inverted confocal microscope. Fluorescence in situ hybridization was performed after immunostaining.
487
The (+) RNA strands of YFV were detected following the manufacturer's protocol (ViewRNA ISH 488 Cells Assays) using probe sets designed by Affymetrix. The Alexa-Fluor 546-conjugated (+)-strand 489 probe set targets a region between position nucleotides 4567 and 5539 of the YFV genome. Intensity 490 plot data were generated using Zen 2 lite (Zeiss) and plotted using GraphPad Prism 6.
492
Stress granule quantification
Nucleus and stress granule quantifications were performed using CellProfiler (v3.0.0) using custom 494 pipeline (available on request). In a nutshell: (i) nuclei were detected using the NucBlue signal, (ii) 495 cellular border were estimated using TIAR or eiF3b signal, (iii) stress granule borders were estimated 496 using G3BP, TIAR, eIF4G or eIF3b signals. Further analyses were performed using R and R studio (63).
497
Cells were considered positive for stress granules if they exhibited at least two of them. 
